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Animal care
All animal work was performed in accordance with guidelines from the IRCM animal care committee and the Canadian Council on Animal Care. CD1 mice were obtained from Taconic.
Casz1
Flox/Flox (1), α-Pax6::Cre (2), and LMOP::Cre (3), IKCre-A (4), and R26-Stop-EYFP (5) alleles and genotyping protocols were previously described. See also Table S1 . Cre-negative and heterozygote animals are referred to as "control" throughout the text and figures, and animals of either sex were used.
Plasmids
The pCIG2 plasmid for expressing a construct of interest followed by an IRES2-EGFP cassette under the control of the pCaags promoter was previously described (6) . For Casz1v1, Casz1v2
(1), and Lmna (7), previously described cDNAs were subcloned into the pCIG2 vector that contains an IRES2-EGFP cassette. 3xFlag-Rnf2 and 3xFlag-Rnf2-I53S constructs were obtained from Dr. Haruhiko Koseki (8) . pCIG2 HsRnf2 (HsCD00044984) and pCIG2 Mysm1 (HsCD00295146) constructs were generated using the indicated cDNAs obtained from DNASU (9) (Arizona State University). Plasmids were recombined using L/R Clonase II (Invitrogen), into a version of pCIG2 that had been modified to contain a Gateway donor cassette. GFP-Lmna (17662) and GFP-Progerin (17663) were previously described (10) , and obtained from Addgene.
mCherry-L3mbtl3 was obtained from Cheryl Arrowsmith (11) . RNAi constructs were generated by annealing and ligating oligonucleotides into the pSiren-retroQ-ZsGreen vector (Clontech). See Supplemental Methods Table 1 for primer sequences.
Immunohistochemistry
Tissue fixation and immunohistochemistry were performed as previously described (1) . Briefly, retinas were fixed in 4% paraformaldehyde for 3 hours, then washed with PBS and transferred to a 20% sucrose/PBS solution overnight. For Casz1, Lamin A/C and Lbr staining, retinas were processed as above, but fixed for 2 minutes. The tissue was then transferred to a cryomold filled with Optimal Cutting Temperature solution (OCT), snap-frozen in liquid nitrogen, and cryosectioned at a thickness of 10µm. Primary antibodies used are listed in Methods Table 2 .
Blocking and staining was performed using phosphate buffered saline (PBS) supplemented 3% w/v bovine serum albumin, 0.4 % v/v triton X-100, and Hoechst 33342 (Molecular Probes) diluted 1:20 0000. Washes were performed with PBS. Secondary antibodies were conjugated with Alexa 488, 555, or 647 raised in donkey (Molecular Probes), and diluted to 1:1000 in PBS.
Slides were mounted with a Mowiol -based medium.
Immunofluorescence 3T3 fibroblasts were seeded onto coverlips coated with poly-L-lysine (Sigma). On the next day, cells were transfected with Jet Prime reagent (PolyPlus). After 3 days, cells were washed with PBS, and then fixed with 4% paraformaldehyde in PBS for 1 min. Coverslips were washed and then processed identically to the immunohistochemistry workflow described above.
Retinal explant transfection
Retinal explants were transfected as described previously (1) . Briefly, P0 eyes were enucleated into sterile PBS and the optic nerve was removed. The RPE surrounding the nerve head was teased apart, and DNA was manually injected into the subretinal space using a pulled borosilicate needle with Wiretroll piston (Drummond Scientific). Electroporation was performed using
Tweezertrode electrodes and an ECM 830 electroporation system (Harvard Scientific), using 6 pulses at 55mV, 50ms pulse length, 1s interval, and unipolar polarity. Explant medium consisted of Dulbecco's Modified Eagle Medium (DMEM), supplemented with 10% fetal bovine serum (FBS) (Wisent), Glutamax, and penicillin/streptomycin (Gibco).
In vivo electroporation
In vivo electroporation was performed as described previously (12) . Briefly, pups were anesthetized on ice, then each pup was placed on its side on an ice pack under a dissecting microscope. The skin over the eye was cleaned with 70% ethanol, then an incision was used to expose the eyeball. Approximately 1 µl of DNA solution at a concentration of 3 µg/µl was injected in the subretinal space using a glass needle mounted onto a handheld injection device or a microinjector. Electroporation was performed with CUY650 tweezer electrodes (Protech) and ECM 830 electroporation system, using 6 pulses, 80mV, 50ms pulse length, 1s interval, and unipolar polarity. After the electroporation, the pup was placed on a heating mat at 37°C to facilitate recovery. The pup was then placed back with its mother and allowed to develop for 6
weeks. The electroporated eye was collected at P42, fixed, and processed for immunofluorescence as described above.
Confocal Microscopy
Confocal microscopy was performed using Zeiss LSM700 or LSM710 inverted laser scanning confocal microscopes, or LSM800 or LSM880 instruments with Airyscan detector. Images were processed using Zen (Zeiss), Volocity (Perkin Elmer), Fiji (ImageJ), and Adobe Photoshop (Adobe) software.
Transmission Electron Microscopy
1-year-old mice were weighed and anesthetized with ketamine/xylazine (10 µl per 10g). Once deeply anesthetized, the mice were transcardially perfused with 15ml of a 100 mM cacodylate buffer (pH 7.0) and 2 mM CaCl 2 solution, followed by 15ml of fixative comprised of 2.5% glutaraldehyde, 2% paraformaldehyde in 100 mM cacodylate buffer (pH 7.0) and 2 mM CaCl 2 .
The eyes were then removed and fixed in the same fixative overnight at 4°C. Next, the cornea and lenses were removed and the posterior eye cup was cut into 5mm pieces that separated the peripheral and central retinas. Research. Image acquisition was performed using an AMT XR80C 8 megapixel CCD Camera System.
Quantitation and Statistical Analysis
Nuclear areas were measured manually using the "Freehand selection" tool in ImageJ software and distances between features were measured using the "Straight line" tool. Measures were related to the total nuclear area measured in the same TEM images or confocal Z-planes.
Statistical operations were conducted using Microsoft Excel and GraphPad Prism 6 software as indicated in the text and Supplemental Tables. n-values refer to independent experiments or animals as per the text.
Immunoprecipitation
Immunoprecipitation was performed as previously described (12), with minor modifications. were pipetted into fresh tubes, and then washed 3 times with IP buffer, and protein was eluted by incubating the dynabeads with SDS Sample buffer, and boiling for 10 minutes. Proteins were separated on SDS-PAGE gels. For Casz1 westerns, optimal transfers required 6% gels, sometimes necessitating that input proteins and immunoprecipitations be run on separate gels.
Cross-linking assisted immunoprecipitation was performed essentially as described (13) . Briefly, Dynabeads were prepared as above. On the next day, 3 adult retinas were dissected into PBS supplemented with PMSF. Once dissected, retinas were fixed by adding paraformaldehyde to a final concentration of 1% v/v in PBS, and rocking at room temperature for 10 minutes. Next, the fixation solution was discarded and the retinas were quenched by adding PBS supplemented with 125 mM glycine. Samples were incubated for 5 additional minutes at room temperature, and then washed 3 times with PBS. Next, nuclei were extracted by incubating the retinas in Cell Lysis
Buffer (5 mM PIPES, pH 8.0, 85 mM KCL, 0.5% NP40 plus protease inhibitors) on ice. The tissue was triturated with a pipette tip after 5 minutes, and allowed to incubate on ice for an additional 10 minutes. Next, nuclei were collected by centrifugation at 5000 rpm for 5 minutes at 4°C. The supernatant was discarded and the nuclei lysed in RIPA buffer with sonication. Protein lysates were then added to Dynabeads as described above. For DNA degradation, 20 units of Benzonase enzyme (EMD Millipore) was added to the IP solution. On the next day, Dynabeads were changed into fresh tubes, and then washed 10 times with RIPA buffer at room temperature on a nutating mixer. Proteins were eluted from the beads as described above. Samples were analyzed on gradient gels consisting of layers of 10, 8, and 6 % SDS-PAGE gels poured in sequence.
RNA-seq and Bioinformatics.
Pooled (23) , and H3K27me3 chip-seq data from P0 whole retina (GSE74268) (24) and from sorted adult rods (GSE72550) (21) .
Transcriptome data were processed using Cufflinks and Cuffdiff (25) or Geo2R (26) , and genome-wide comparisons were made using Gene-E (Broad Institute). For genomic data, Fastq datasets were re-mapped de novo to the Mm10 genome using the Galaxy interface (27) . Peakcalling was performed using MACS2 (28) . Exceptions were the sorted rod/cone ATAC-seq bigwig files and the adult sorted rod H3K27me3 Sicer peaks, which were generated by the original authors and downloaded directly from the data repository. Data was visualized using IGV (29) . ATAC-seq tracks previously generated by Hughes et al. (23) , demonstrating the differential accessibility at the Lmna promoter. In rods, the promoter is closed (top), whereas it remains accessible in cones (bottom). The Lmna promoter and gene body are also enriched for the polycomb mark H3K27me3 (blue track) as determined by Chip-seq from sorted rods, previously generated by Mo et al. (21) . This enrichment is also observed at P0 as determined using MACS2 (28, 34) to call peaks on Chip-seq data derived from whole retinas (24) . fibroblasts were transfected with the indicated constructs and harvested after 72 h. Cells were subjected to immunocytochemistry for the euchromatic mark H3K27ac, and nuclei were visualized Hoechst with staining. While euchromatin re-localizes in cells transfected with Casz1v2 (c), it remains less abundant at the nuclear periphery. Table S1 . Statistical Summary for data presented in Figure 2 . Photoreceptor layer thickness.
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p-values were calculated using two-tailed t-tests. Table S3 . Statistical Summary for data presented in Figure 6 . Means refer to the mean proportion of total photoreceptors in a given bin. p-values refer to comparison versus control, and were calculated using one-way ANOVA with Tukey's post-hoc test Table S4 . Statistical Summary for data presented in Figure 7 . Heterochromatin measurements in rod photoreceptors overexpressing Lmna, or conditionally mutant for Casz1. pvalues refer to comparison versus control, and were calculated using two-tailed t-tests. 
